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Abstract 
A coherent response to biological invasions involves science-based, up-to-date prioritization tools alongside information transfer to relevant 
authorities and stakeholders. Here, we describe how the collaboration between scientists and policy makers in Belgium has allowed the 
development of decision support tools regarding invasive alien species. We present the environmental impact assessment protocol ISEIA and 
comment on its applications. Furthermore, we describe and provide metadata for the information system Harmonia which was developed to 
disseminate this information to a diverse audience. Using several examples of initiatives addressing the threat of invasive alien species in 
Belgium, we show how these tools have been instrumental in strengthening capacity of the scientific community, authorities and 
stakeholders in Belgium on addressing the invasive alien species issue. 
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Introduction 
Like many disciplines in biodiversity conservation, 
invasion biology is expected to help answering 
environmental questions raised by decision makers 
and managers. However, for the time being, there 
appears to be a mismatch between the focus of 
invasion science and the information needs that 
managers of biological invasions currently have. 
Also, it has been shown that research results are 
still poorly disseminated to the people that need 
them, i.e. policy makers, decision makers or 
managers (Matzek et al. 2014). Indeed, apart from 
being based on credible information, decision 
processes also need to be efficiently communicated 
towards stakeholders and the general public 
(Brunel 2014). Therefore, filling this gap not only 
requires an increase of the amount of useful 
information produced by the scientific community, 
but also to reshape the way knowledge is exchanged 
and used in practice (Young et al. 2014). These 
requirements can be met through the development 
of effective information systems and decision 
support tools (Genovesi and Shine 2004; Katsa-
nevakis et al. 2013). 
The current Belgian dynamics with respect to 
tackling biological invasions were initiated at the 
initiative of the Belgian scientific community in 
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2006 by claiming the necessity to develop risk 
analysis procedures for evaluating the potential 
risks from Invasive Alien Species (IAS) in Belgium 
(Belgian Forum on Invasive species 2006). Decision 
makers were asked to act coherently on the 
reduction of IAS negative impacts, but developing 
a coherent national initiative was not straight-
forward. This was especially true for Belgium, a 
federal state composed of communities and regions, 
each of which having their own legal competences. 
As a result, considerable coordination and coherence 
was needed to ensure the efficiency of initiatives 
that were taken.  
The Belgian Biodiversity Platform is an 
initiative of the Belgian Science Policy Office 
that works in collaboration with the regions and 
communities to provide services to the entire 
Belgian community engaged in biodiversity research 
and policy. The Platform coordinates the ‘Belgian 
Forum on Invasive Species’ (BFIS), an informal 
structure involving about 120 people, including 
scientists (50%), policy makers (20%) and other 
stakeholders (30%). Its aim is to encourage inter-
disciplinary cooperation, information exchange and 
dissemination in support development of measures 
dedicated to the prevention and the mitigation of 
the impacts of invasive alien species. 
A major tool developed through this forum is 
Harmonia, an information system on alien species. 
It provides species fact sheets, risk assessment 
protocols but also includes the results of quick 
environmental impact assessments for a selection 
of about 100 terrestrial and freshwater alien 
species in Belgium so far. Impacts and risks are 
assessed through dedicated protocols that enable 
the digestion of scientific information into a risk 
classification.      The results from the species assess- 
ments are disseminated through the Harmonia 
information system in an easily comprehensible 
message to environmental policy makers and 
managers by means of a list system comprising a 
black list, a watch list, a white list and an alert 
list of alien species in Belgium. 
In this article, we describe how the collaboration 
between scientists and policy makers in Belgium 
has allowed the development of a national infor-
mation system on invasive species named Harmonia 
in support of decision making. We provide an 
overview of the different components of this system 
and the information it contains. Furthermore, we 
highlight some important initiatives showing the 
use of the information from the Harmonia system 
with respect to a more coherent approach to 
managing biological invasions in Belgium. 
ISEIA and black listing 
The Invasive Species Environmental Impact Assess-
ment (ISEIA) protocol (Branquart 2007) represents 
one of the first generic protocols dedicated to 
invasive species prioritization in Europe (Essl et 
al. 2011). This tool quantifies potential spread and 
environmental impacts of alien species in Belgium. 
Driven by environmental policy at the time of 
development, its focus is on the possible adverse 
impacts on biodiversity and ecosystem processes 
(Appendix 1). ISEIA allows for categorizing alien 
species on the basis of a standardized methodo-
logy irrespective of their taxonomic affiliation. 
The rationale behind its construction was to 
minimize the use of subjective opinions and to make 
the process of assessing and listing of species 
transparent, reliable and repeatable (cf. Burgman 
2004; McGeoch et al. 2012). Like many other 
prioritization tools (e.g. Randall et al. 2008; Brunel 
et al. 2010; Essl et al. 2011), the ISEIA approach 
is based on environmental impact data documented 
in peer-reviewed publications and scientific reports 
from the impact assessment area and neighbouring 
areas, rather than species life histories. It is therefore 
not a predictive protocol but rather a prioritization 
tool. Invasion histories elsewhere are generally 
good predictors of impacts (Williamson 1996). 
Hence, if species already caused impacts on native 
species and ecosystems in neighbouring regions 
and countries with similar environmental conditions, 
it was assumed they were likely to do the same in 
Belgium. The reference area taken into consideration 
for the assessment includes the European regions 
with eco-climatic conditions comparable      to Belgium 
i.e. areas included within the Atlantic and the 
continental biogeographic regions in Europe. As 
Belgium has a maritime temperate climate 
(Köppen-Geiger climate type Cfb (Peel et al. 2007)), 
the reference area largely covers the Netherlands, 
Luxembourg, and large parts of Germany, France 
and Great Britain.  
An assessment is made by scoring four criteria 
that match the post-establishment phases of the 
invasion process (Richardson et al. 2000): 1) the 
potential for spread, 2) the colonization of natural 
habitats, 3) adverse ecological impacts on native 
species and 4) adverse ecological impacts on 
ecosystems. Equal weight is assigned to each of 
the four criteria and a three-point scale is used 
for criteria scoring: low (or unlikely), medium 
(or likely) and high. In line with the precautionary 
principle of the Convention of Biological Diversity 
(UNEP 1992),  the  scoring  follows  a     maximum 
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Table 1. Members of the expert panel for each taxonomic group. 
Taxonomic group Expert panel members  - affiliation at the time of the assessment 
  
Vascular plants Etienne Branquart - Belgian Biodiversity Platform, Iris Stiers - Vrije Universiteit Brussel, Ludwig 
Triest - Vrije Universiteit Brussel, Sonia Vanderhoeven - Université de Liège, Wouter Van Landuyt- 
Research Institute for Nature and Forestry (INBO), Fabienne Van Rossum - National Botanic Garden, 
Filip Verloove - National Botanic Garden 
  
Amphibians Etienne Branquart - Belgian Biodiversity Platform, Joachim Mergeay - KU Leuven, Gérald Louette - 
Research Institute for Nature and Forestry (INBO),Youri Martin - Université Catholique de Louvain, 
Christiane Percsy - Université Libre de Bruxelles 
  
Fishes Dieter Anseeuw - KU Leuven, Etienne Branquart - Belgian Biodiversity Platform, François Lieffrig -
CER Groupe, Gérald Louette -Research Institute for Nature and Forestry (INBO), Jean-Claude Micha - 
Facultés Universitaires Notre Dame de la Paix, Denis Parkinson -Natagora, Hugo Verreycken - Research 
Institute for Nature and Forestry (INBO) 
  
Birds Anny Anselin - Research Institute for Nature and Forestry (INBO), Etienne Branquart - Belgian 
Biodiversity Platform, Koen Devos - Research Institute for Nature and Forestry (INBO), Jean-Yves Paquet 
- Natagora, Diederik Strubbe - Universiteit Antwerpen, Didier Vangeluwe - Royal Belgian Institure for 
Natural Sciences, Anne Weiserbs - Natagora 
  
Mammals Etienne Branquart - Belgian Biodiversity Platform, Margo D’haes - Universiteit Antwerpen, Alain 
Licoppe - Walloon Research Department for Nature and Agricultural Areas (DEMNA), Grégory Motte 
Walloon Research Department for Nature and Agricultural Areas (DEMNA), Vinciane Schockert - 
Université de Liège, Jan Stuyck - Research Institute for Nature and Forestry (INBO) 
  
Insects Etienne Branquart - Belgian Biodiversity Platform, Tim Adriaens - Research Institute for Nature 
and Forestry (INBO), Patrick De Clercq – UGhent, Jean-Claude Grégoire – Université Libre de 
Bruxelles 
 
likelihood approach, with the highest score 
determining the final score of the two impact 
modules (species impact, ecosystem impact). The 
global ISEIA score is then calculated as the sum 
of the scores of the four criteria. Minimum and 
maximum global scores therefore are 4 and 12, 
respectively. When nothing can be said about the 
parameter due to data deficiency, no score is 
calculated. See Branquart (2007) and Appendix 1 
for additional explanation on the criteria, 
including definitions and examples. 
ISEIA was used by the Belgium Forum on 
Invasive Species for a nation-wide impact 
assessment. First, a pre-screening of alien species 
established in Western Europe was made with 
special reference to alien species that were 
suspected to cause adverse ecological impacts on 
biodiversity and/or ecosystem functioning and/or 
had recently expanded their geographic range. 
Species assessments were conducted through five 
expert panels dealing with either vascular plants, 
fishes, amphibians, birds or mammals from 2007 
to 2009. Each group consisted of three to six 
scientists from different research institutes and 
universities in Belgium (Table 1) with strong 
expertise on the invasion biology, the invasive 
species biological characteristics and distribution 
and/or on invasive environmental impacts. 
Assessments were individual based, as they were 
first performed by each expert independently. 
The scores were then compared and discussed in 
panel meetings in order to reach a consensus 
score. It is worth noting that all experts having 
performed the ISEIA species assessments have 
done so without remuneration so far. 
Based on the resulting scores, species were 
listed according to the methodology described 
hereafter, and included in the Harmonia information 
system. The list scheme encompasses three 
different list categories that are in line with the 
recommendations of the European strategy on 
Invasive Alien Species in 2003 (Genovesi and 
Shine 2004). These categories refer to the severity 
of impact on the environment ranging from no 
negative impact (white list), suspected negative 
impact (watch list) and confirmed negative impact 
(black list). A fourth list (alert list) was added 
for species that do not occur in Belgium yet. The 
assignment of an alien species to one of those 
categories was based upon the scores following 
the ISEIA assessment and their invasion stage in 
the country (Figure 1). 
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Figure 1. List system proposed to identify non-native species of 
most concern and mitigation actions in Belgium. 
Species with ISEIA scores from 4 to 8 were 
ascribed to the white list ‘C’ (low impact species). 
Those with scores from 9 to 10 were ascribed to 
the ‘B’ watch list (medium impact species). High 
impact species (scoring 11 and 12) were ascribed 
to the black list ‘A’ if they were already present 
in Belgium, or the alert list, if not yet naturalised 
in Belgium. A further categorization is based on 
their current invasion stage in Belgium, from 0 
(not yet naturalised or present in Belgium), to 1 
(isolated populations), 2 (restricted distribution) 
and 3 (widespread).  
The underlying rationale was for the system to 
be dynamic by adding or removing species, or by 
moving them between different lists. Such modifi-
cations may be necessary as scientific knowledge 
on the species progresses, or as species distributions 
change. For example, the raccoon dog Nyctereutes 
procyonoides (Grey, 1834), was downgraded from 
black to watch list. Recent publications demon-
strated that impact by predation was lower than 
previously assumed as it behaves as a scavenger 
rather than a predator (Kauhala et al. 2011). On 
the other hand, round goby Neogobius melano-
stomus (Pallas, 1814), was moved from the alert 
to the black list as the species was first observed 
in Belgium in 2010 (Verreycken et al. 2011) and 
has spread since then to most canals and to the 
rivers Scheldt and Meuse (Verreycken 2013). 
The Harmonia information system 
The development of information systems and 
decision support tools is expected to facilitate 
effective and efficient exchange of information 
both within the scientific community, as well as 
between the scientific, policy and management 
arena (Genovesi and Shine 2004; Katsanevakis et 
al. 2013). 
The potential target audience covered by the 
Harmonia system is composed of scientists seeking 
detailed references, decision makers developing 
science-based policy and managers wanting to 
prioritize. This audience has been enlarged to the 
general public looking for information, and key 
stakeholders playing a possible role in the intro-
duction of species (e.g. horticulture, aquaculture). 
So far, the Harmonia information system only 
comprises species that have been assessed with 
the ISEIA protocol by experts from BFIS. It does 
not serve as a complete inventory of (invasive) 
alien species in Belgium. The list also comprises 
species that have not yet established in the country 
(alert list). Hence, this register can neither be used 
to infer statistics nor to provide indication of the 
number of invasions in the Belgian territory. 
The list of species is supplemented with the 
information fields shown in Table 2. As much as 
possible, information entered in the database is 
based on available peer-reviewed publications 
but also grey literature and online databases. 
For the moment, 101 species have been assessed: 
67 vascular plants, 1 arthropod, 2 amphibians, 9 
fishes, 8 birds and 14 mammals. Thirty five species 
are fully or partly freshwater species and 66 are 
terrestrial. No marine or brackish species have been 
assessed so far. The assessments demonstrated 6 
species with low environmental impact after 
assessment, 44 with medium impact and 51 species 
with high impact (Appendix 2). 
From a technical perspective, the Harmonia 
system is written in the Python programming 
language, using the Pylons framework (van Rossum 
and Drake 2001). Data are stored in a relational 
PostgreSQL database. SQLAlchemy (Python SQL 
toolkit and Object Relational Mapper) was used 
to facilitate queries. 
The annual number of unique visitors has 
increased significantly from 4.000 to over 18.000 
since its launch (Figure 2). As unique visitors are 
recorded through IP addresses, these figures 
should not be considered as absolute values but 
rather crude indicators of website usage. 
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Table 2. List of fields used in the Harmonia system. 
Fields Description 
Scientific name  
Common names English – French - Dutch 
Taxonomic Groups  
Family  
Origin  
Introduction pathway  accidental/agriculture/horticulture/pets and domestic animals/aqua-
mariculture/aquaria and ponds/biological control/forestry/fur farming/game 
and fish stocking 
ISEIA score From 4 to 12 
Habitat type Brackwish / Freshwater / Marine / Terrestrial 
Year of first observation into the wild  
Invasiveness Textual description 
Distribution range Absent / Isolated / Restricted / Widespread 
Harmonia list category A0 / A1 / A2 / A3 / B0 / B1 / B2 / B3 
Reproduction in the wild Yes / No 
Dispersal potential Low / Medium / High 
Risk to invaded high conservation value natural habitats  Low / Medium / High 
Distribution per Belgian biogeographic distric (Maritime; 
Flandrian; Kempen; Brabant; Meuse; Ardenne; Lorraine) 
Absent in the district / Isolated populations (1-5 localities per district) / 
Widespread (> 5 localities per district) 
Endangered Natura2000 habitats EUR27 categories (European Commission 2007) 
Endangered areas1 Maritime; Flandrian; Kempen; Brabant; Meuse; Ardenne; Lorraine 
Impact on species through predation or herbivory Low / Medium / High 
Impact on species through competition Low / Medium / High 
Impact on species through disease transmission Low / Medium / High 
Impact on species through genetic effect Low / Medium / High 
Impact on ecosystem through nutrient cycling Low / Medium / High 
Impact on ecosystem through physical alteration Low / Medium / High 
Impact on ecosystem through natural succession Low / Medium / High 
Impact on ecosystem through food web alteration Low / Medium / High 
Impact Textual description 
Pictures Pictures and credits 
Authors of the assessment  
Date of publication  
Date of last update  
References Link to web portals, scientific publications and grey literature 
1Biogeographic areas made of Natura2000 habitats that are likely to be invaded by the species. 
 
The use of the ISEIA protocol and the Harmonia 
information system for policy actions  
The ISEIA protocol and the Harmonia system have 
been instrumental tools for the development of 
several initiatives within Belgium and other 
European countries, some of which are described 
hereafter.  
The Belgian code of conduct on ornamental 
plant species 
Voluntary codes of conducts are used to encourage 
risk awareness and induce behavioural change 
among stakeholders involved in sectors that are 
linked to the import and trade of alien species. In 
some cases, the aim of such codes      is the voluntary 
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Figure 2. Evolution of the number of unique visitors from 2007, 
date of establishment of the Harmonia information system to 2014 
(2014 visitors are extrapolated from the 13549 visitors between 
January and September 2014).Visitors in Belgium are shown in 
white, visitors out of Belgium in grey. 
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removal of target species from trade (Dehnen-
Schmutz and Touza 2008). The LIFE+ programme 
from the European Commission co-financed an 
“Information and communication” project, called 
AlterIAS (Alternatives to Invasive Alien Species), 
which aimed at raising awareness of horticulture 
professionals and gardeners on plant invasions 
(Halford et al. 2014). The project was launched 
in 2010 with a total budget of 1 010 804 Euros 
for four years. 
A major outcome of the project was the 
establishment of a code of conduct prepared in 
consultation with representatives from the sector. 
The code was established based on the lists of 
invasive plants included in the Harmonia infor-
mation system. Based on the results of an economic 
value assessment of the species and a survey on 
the perception and knowledge of different IAS 
by the sector (Vanderhoeven et al. 2011; Halford 
et al. 2011), a step by step consultation process 
was undertaken with the sector. During this process, 
a facilitator of BFIS and invasion biologists were 
present to answer any question regarding the impacts 
of the species of concern. 
The consultation resulted in the drafting of two 
lists. The ‘consensus list’ consisted of species for 
which subscribers to the code of conduct volunta-
rily accepted restriction of use (sale or planting 
ban). This list represented 44% of the total number 
of plants (n = 28) included in the black list of the 
Harmonia system (categories A1, A2, A3). 
Restriction of use was accepted by the sector for 
highly invasive plants of low or medium economic 
value (Vanderhoeven et al. 2011; Halford et al. 
2011). The remaining 56% consisted of species 
of high economic importance such as Rhodo-
dendron ponticum L. or Rosa rugosa Thunb. They 
are included in a ‘communication list’ for which 
the professional sector agreed to communicate 
the potential risk to their customers in order to 
limit their use near habitats of high conservation 
value. So far, 511 horticulture professionals, 498 
gardeners and 53 organizations have endorsed 
the AlterIAS code of conduct. In 2013, at the end 
of the project, a final survey was performed. It 
showed a significant behavioural change and an 
improvement of the knowledge and understanding 
of the horticulture professionals on the issue of 
invasive alien plants in Belgium. There is unfortuna-
tely no data available on the economic value of 
the species at the national level. It is however worth 
noting that 8% of horticulture professionals 
considered the code having a negative impact on 
their activities (Halford et al. 2014). 
An early warning and rapid response system 
Waiting to tackle the problem after damage becomes 
evident is not a cost-efficient option with respect 
to biological invasions (Wittenberg and Cock 2001; 
Simberloff et al. 2013). Therefore, rapid detection 
of emerging harmful IAS is essential. Until recently, 
Belgium had no dedicated portal for reporting 
observations of such species, despite the high 
political priority and ongoing current (inter)national 
initiatives. In 2011, a pilot project on early warning 
for invasive species was launched in cooperation 
between all Belgian regions. For some notorious 
IAS, the Flemish Agency for Nature and Forest 
(ANB), the Research Institute for Nature and 
Forestry (INBO), the Research Department for 
Nature and Agricultural Areas (DEMNA), and the 
non-governmental organisations Natuurpunt and 
Natagora, launched an early warning system (EWS) 
through the popular online recording platforms 
http://www.waarnemingen.be and http://www.obser-
vations.be, the Belgian domains of observation.org. 
Although ISEIA served as a basis, the criteria for 
inclusion of a species in the early warning 
project were broader than the impact assessment 
and involved a consensus process among the 
different regions in Belgium. While A0 and A1 
species were considered a priority for detection, 
the list included a mixture of alert list (A0, B0), 
watch list (B1, B2), black list (A1, A2, A3) and 
non-evaluated species. Thus, the list also included 
established species in Belgium. These were often 
of regional importance for early warning. For 
example, raccoon Procyon lotor (L., 1758), widely 
established in Wallonia and therefore classified 
A2 in Belgium, was added to the list because 
there is still no evidence of establishment in the 
Flemish region (Van den Berge 2008). Other 
species were added because of ongoing response 
mechanisms in one of the Belgian regions so the 
system could serve as an additional data source. 
A few other non-evaluated high profile species 
were added based on expert knowledge such as 
Asian hornet Vespa velutina nigrothorax Du 
Buysson, 1905 and Indian house crow Corvus 
splendens Vieillot, 1817. The system is dynamic 
and allows for setting regional priorities and the 
inclusion of additional species. The EWS allows 
reporting of sightings, consulting fact sheets and 
setting up of user-driven automated e-mail alerts 
in daily or weekly digests and tailored per thematic 
group or management area. The aim of the pilot 
phase (March-November 2012) was to examine 
how the system would work (which species are 
reported, potential reporting bias, data quality). 
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Apart from testing the reporting tool, the project 
had several spin-offs. In the longer run, it aims 
to mobilize volunteers for monitoring IAS, to 
provide information and raise awareness amongst 
field workers and the public and to streamline the 
process from reporting to management intervention. 
The ultimate goal is to build an early warning 
system for IAS that connects with federal initiatives 
and anticipates developments of a trans-European 
system (Katsanevakis et al. 2012; Katsanevakis 
et al. 2013). The pilot phase yielded 6335 geo-
referenced occurrences of early warning species, 
including also some alert list species.  
The data from this EWS is being used for 
various rapid response as well as longer term 
control projects in Belgium. These include the 
ongoing eradication of ruddy duck Oxyura 
jamaicensis (Gmelin, 1789) (Robertson et al. 2015), 
which uses observations of the species and the 
alert system to implement an action plan and 
report back to the Bern Convention about progress 
in this field. In 2014, rapid response was organised 
for American mink Mustela vison Schreber, 1777 
in Flanders and fox squirrel Sciurus niger L., 
1758 in Wallonia (Adriaens et al. 2015). Similarly, 
the system is used to tackle an incursion of the 
Reeves's muntjac Muntiacus reevesi (Ogilby, 
1839) in Flanders as an additional data source on 
top of observations reported by hunters and 
government officials. The regional management 
services responsible for the control of invasive 
aquatic plants (mostly the floating pennywort 
Hydrocotyle ranunculoides (L.f.), the parrot’s 
feather Myriophyllum aquaticum (Vell.) Verdc. 
and the water primrose Ludwigia grandiflora 
(Michx.) Greuter and Burdet use the data collected 
through the EWS as an important addition to their 
own. Furthermore, data and alerts on the American 
bullfrog Lithobates catesbeianus (Shaw, 1802) 
occurrences were used to support ongoing eradi-
cation and control actions as well as research 
activities (Devisscher et al. 2012; Devisscher et al. 
2013; Louette et al. 2012; Louette et al. 2014). With 
regards to the early warning requirements set out 
in the EU regulation (European Commission 2014), 
future work will include harmonizing the species 
list in the Belgian regions. 
Detailed pest risk analyses in light of trade 
restrictions 
Interestingly, both regulatory tools and voluntary 
codes of conduct were established based on the 
Harmonia species listing. As a general principle, 
strong prohibition measures and priority species 
for early warning should be linked to detrimental 
species that are still poorly established in the 
country (A0 and A1 categories) while more 
widespread organisms should be accompanied by 
less restrictive measures, such as an obligation or 
incentive to provide information to customers. 
When considering trade restrictions to reduce 
the risk of introduction and spread of an alien 
organism, full and comprehensive risk analysis, 
including risk assessment, risk management and 
risk communication is required. It must be 
demonstrated that the proposed measures are 
adequate and efficient to reduce the risk and that 
they are not a trade-barrier in disguise (Shine et 
al. 2010). The risk analysis should prevent 
introduction through any pathway and should 
therefore provide scientific justification about 
the necessity, proportionality, non-discrimination, 
efficiency and cost-effectiveness of proposed 
management measures (WTO 1995; Baker et al. 
2008; Shine et al. 2010; Shrader et al. 2010).  
Detailed risk analysis reports were prepared in 
2013 for a selection of alien species, mostly 
allocated to the A0 and A1 lists in the Harmonia 
system (Table 2). Additionally, detailed risk analysis 
was performed for Sciurus niger L., 1758 (Baiwy 
et al. 2013d) and Procambarus clarkii (Girard, 
1852) (Delsinne et al. 2013) which had not been 
previously assessed with ISEIA.  
Scirus niger was selected because of its recent 
inclusion in the Annex  B of the EU wildlife 
trade regulation (European Commission 2012). 
Procambarus clarkii was considered for full 
PRA because of observed emergence in Belgium 
and its negative impact in several freshwaters 
systems in Europe (Gherardi 2007). In Flanders, 
Boets et al. (2012) ranked P. clarkii as an A1 
species following the ISEIA protocol.   
The Pest Risk Analysis (PRA) reports are 
accessible through the Harmonia information 
system. The general process of drafting, reviewing 
and approving the risk analysis for selected 
invasive alien species in Belgium was attended 
by a steering committee, chaired by the Federal 
Public Service Health, Food chain safety and 
Environment. The documents have been subject 
to a peer review process, mostly involving national 
experts. The risk analysis followed a simplified 
scheme that was drafted in line with the recommen-
dations provided by the International Plant 
Protection Convention (FAO 2004). It separates 
the assessment of entry, establishment, spread and 
impacts, and also addresses risk management. 
These risk analyses serve as advisory scientific 
documents in support of decision making: they 
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do not determine government policy, nor do they 
have a legal status. They may however serve as a 
formalized scientific document to propose species 
inclusion within the list of IAS of Union or 
Member State concern according to the new EU 
Regulation (European Commission 2014). 
Use of the ISEIA protocol and the Harmonia system 
The ISEIA protocol and Harmonia information 
system have been widely used in Belgium and 
neighbouring countries for horizon scanning 
(Parrott et al. 2009; Gallardo et al. 2013), 
prioritization and risk assessment exercises (Hurel 
2011; Gyimesi and Lensink 2010; van de Koppel 
et al. 2012; Boets et al. 2012; Verbrugge et al. 
2012; Roy et al. 2014a; Ries et al. 2013; 
Schiphouwer et al. 2014). The information from 
the Harmonia system has been used in global 
information systems such as GISD (GISD 2012) 
and the Global Register of Introduced and Invasive 
Species (GRIIS) currently under development, 
but also regional systems such as NOBANIS 
(NOBANIS 2009) and DAISIE (DAISIE 2009). 
Perspectives 
The ISEIA protocol is one of the first national 
standardized environmental impact assessment 
tools that has been developed for alien species in 
Europe (Verbrugge et al. 2010). The Harmonia 
system and ISEIA protocol have answered 
demands of Belgian scientists, policy makers and 
managers who needed to use or refer to scientific 
information on IAS in Belgium during the past 
decade. Nonetheless, considering developments 
in international collaboration, legislation, and the 
scientific field of risk analysis (Kumschick and 
Richardson 2013), the system is now requiring 
new developments.  
Enlarging the scope: the Harmonia+ protocol 
During the past few years, several issues were 
found to be insufficiently covered by the ISEIA 
protocol. Firstly, it did not incorporate invasion 
stages like introduction and establishment (Black-
burn et al. 2011; Leung et al. 2012). Secondly, it 
only addressed environmental impacts, neglecting 
impacts on human health, economic activities and 
infrastructure (European Environment Agency 
2012). Thirdly, it did not allow for the inclusion 
of confidence levels, while dealing with uncertainty 
is inherent in performing risk analyses (Leung et 
al. 2012). Lastly, it did not provide opportunities 
for incorporating the role of parasites and 
pathogens in biological invasions. Indeed, the 
infections they cause often form a key driver for 
invasion success (Dunn and Perkins 2012). 
We therefore constructed a new protocol that 
addresses these issues, through a project-based 
collaboration among eight scientific institutes 
from different fields (D’hondt et al. 2015). The 
Harmonia+ protocol brings together 30 questions 
that cover the complete invasion process and 
refer to multiple kinds of impacts. The protocol 
allows for quantitative output on stage-specific 
and general risks, by converting answers into 
summary statistics. In parallel, we constructed a 
protocol for the risk assessment of pathogens and 
parasites, called Pandora. Its results are compatible 
with the Harmonia+ protocol, and thus allow for 
integrated risk assessments of pathogens and their 
alien hosts. All details are described by D’hondt 
et al. (2015). The protocols are accessible as online 
questionnaires, for which registered users have 
advanced possibilities of modifying forms and 
sharing assessments. 
The Harmonia system in the future: reporting 
species occurrence 
Accurate and detailed information on species 
occurrences is needed to ensure efficient prevention, 
early detection and rapid response, as well as to 
evaluate management measures (Katsanevakis et 
al. 2012). However, data availability has been 
recognized as a challenging issue, particularly 
when subsequent integration into regional or 
global systems is needed (Hulme and Weser 2011).  
The Harmonia information system was designed 
to address the specific Belgian needs of science 
and policy at a time when they both were at their 
beginning of addressing biological invasions. 
Eight years later, our knowledge has evolved and 
it is now time to develop a real system to report 
on species occurrence. An instrumental example 
in this respect is Great Britain’s Non Native 
Species Information Portal that dynamically links 
its species register to the National Biodiversity 
Network (Roy et al. 2014b). Likewise, the Harmonia 
system could live link real-time information on 
species distributions from various data sources. 
To make this happen, issues of database 
interoperability, data standards and licensing will 
have to be addressed at regional, Belgian and 
international levels. 
Further developing and updating the Harmonia 
system as a versatile communication hub represents 
a challenge, particularly because a large part of 
the content is related to the notion of risk. 
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Sustainability and funding 
Either in response to, or proactively to the 
establishment of legislative instruments, obligations 
and commitments under European and international 
frameworks, many IAS information systems have 
emerged in recent years. In 2012, the European 
Commission and the Joint Research Centre launched 
EASIN, the European Alien Species Information 
Network, aiming to facilitate exploration of existing 
information systems and assist the implementation 
of European policies on IAS (Katsanevakis et al. 
2012; 2015).  
It is however necessary to stress the basic role 
of national information systems, networks of 
local experts, and managers of invasive species. 
They provide the detailed data and knowledge 
that feeds into the bigger pictures. It is of utmost 
importance to sustain and financially support such 
national initiatives and expert networks without 
which there would not be any supply of information, 
knowledge or expertise (Katsanevakis et al. 2013).  
So far, the scientific expertise that has allowed 
the assessment of the 101 species in the Harmonia 
system by application of the ISEIA protocol and 
consensus building in expert panels, was offered 
by scientists willing to build upon a tool under 
development and contributing to solve a major 
environmental issue. However, with an increasing 
number of species to be screened, a legal basis 
for risk assessment (European Commission 2014) 
as well as an increased frequency of screening, 
risk assessment may become a more permanent 
and repetitive task of the experts involved. To retain 
expert involvement in the risk screening process 
might involve an approach of remuneration of 
their work and a continuous investment in 
building sustainable partnerships e.g. through the 
drafting of working agreements between parties. 
This will increase the need for coordination of 
IAS activities in Belgium. 
Now that we have a new EU regulation, it 
would seem logical, as advocated by Hulme and 
Weser (2011), to centralize data capture and 
interpretation rather than to encourage multiple 
independent country-based initiatives. This could 
avoid redundancy and increase efficiency in the 
current financial reality of limited resources. 
Furthermore, article 11 of the European regulation 
(European Commission 2014) invites Member 
States to increase regional collaboration in order 
to tackle species that might be of concern to several 
countries in the same bioregion. Meanwhile, an 
informal collaboration has been initiated for the 
last four years with the Netherlands, Northern 
France, Luxembourg and western Germany 
(Baden-Württemberg, Rheinland-Pfalz). The aim of 
this current platform is to strive for synergies by 
applying common risk analysis schemes, sharing 
expertise and exchange best practices.  
Despite these efforts we are convinced that an 
effective support is needed to create data capturing 
tools and to encourage professionals in the field 
to share their observations (Groom et al. 2015). 
This is particularly important for a time-dependent 
issue such as IAS where rapid reporting and 
response is an important part of the solution. 
Moreover, at smaller scales, analyses will always 
be needed within countries to support national 
and regional decision making in defining the most 
appropriate management measures in response to 
specific biological invasions, particularly for the 
restoration of invaded habitats and in general for 
acting against invasive species of Member States 
concern.  
Conclusion 
Experiences from the past decade in Belgium 
have shown intensive collaboration between science 
and policy in the field of IAS management for 
which both the ISEIA protocol and the Harmonia 
system have provided incentive and momentum. 
The development of the new Harmonia+ protocol 
and further improvements to the Belgian information 
system Harmonia are needed to answer the 
challenge of implementing the new EU regulation 
on IAS in Belgium. 
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Supplementary material 
The following supplementary material is available for this article: 
Appendix 1. The ISEIA protocol: scoring system. 
Appendix 2. List of species of high and medium impact listed in the Harmonia information system. 
This material is available as part of online article from: 
http://www.reabic.net/journals/mbi/2015/Supplements/MBI_2015_Vanderhoeven_etal_Supplement.xls 
 
 
 
 
 
